Abstract. The present study was aimed to investigate the occurrence of mycorrhiza in an inland ultramafic mountain ecosystem to determine if the extreme soil conditions associated with high concentrations of toxic heavy metals could deter their presence across various elevation gradients. Twelve (12) sampling plots distributed across the major elevation gradient were used in this study. Soil samples were collected at a depth of 30cm and were analyzed to determine the heavy metal content. The standard protocol in the separation of spores was followed. Spore identification was based on existing literatures. Results revealed four genera of arbuscular mycorrhiza fungi (AMF) which includes Glomus, Acaulospora, Scutellospora and Entrophospora. Among the four genera, Glomus was the most abundant and widespread comprising of 40 species while Acaulospora sp. and Entrophospora sp. were the least observed. Further, no significant correlation was observed between mycorrhizal spore count to nickel and chromium implying that these heavy metals did not significantly affect the occurrence and distribution of mycorrhiza. However, a similar pattern of decreasing spore count with increasing elevation was also observed in comparison to tropical mountain forest ecosystems with normal soil conditions.
INTRODUCTION
Ultramafic soils account for about 5% of the total land area in the Philippines (Yumul, 2007) . They occur as subduction-related outcrops in four major ophiolitic belts in the archipelago with the majority of these of Cretaceous age with a few of Early Tertiary (Yumul et al., 2008) . Ultramafic soil is characterized by high concentrations of Mg, Fe, Cr, Co and Ni, (Fernando et al., 2008) but extremely deficient in elements that are essential for plant nutrition, including nitrogen, phosphorus and potassium (Proctor 2003; Chiarucci and Baker, 2007) . In general, ultramafic soils are generally infertile due to deficiencies in various plant macronutrients and high levels of heavy metals, in particular nickel (Proctor, 2003; Salihaj et al., 2016) .
Despite this extreme conditions, however ultramafic soils are associated with unique, diverse, and well-adapted vegetation (Brady et al., 2005) while previous studies have shown that ultramafic soils are characterized by a high biological diversity of plants (Proctor, 2003) . Vegetation growing over ultramafic soils may have developed adaptation strategies to tolerate the extreme deficiency and high metalloid content for continued survival. Symbioses with mycorrhiza could be among such strategies. Most plants in ultramafic ecosystems that tolerate these extreme soils are involved in mycorrhizal associations, which may greatly enhance plant nutrition (such as P assimilation) and reduce metal toxicity on plants (Alexander et al., 2007, Smith and Read, 2008) . Thus, this study was conducted to determine the mycorrhizal population colonizing Mt. Kiamo, an inland forest over ultramafic soils.
MATERIALS AND METHODS

Study site
The study was conducted in the south-western slopes of Mt. Kiamo, at Barangay Kibalabag, Municipality of Malaybalay, Bukidnon. Mount Kiamo is located 12.5 km away from Malaybalay City and lies within 8.1575 longitude and East 125.12778 latitude (Fig.1) . The climatic type falls under Type IV of the Corona System. Mount Kiamo has two distinct land-use systems consisting of forested areas and a vast open marginal land at the lower elevations. The forest area occurs within 1400 to 1790 masl. Collection of soil samples was done during the wet season particularly on the month of July 2016. 
Establishment of Sampling Plots
The sampling plots used in this study were the plots earlier established by Aribal et al. (2015) . The sampling plots were classified for convenience into lower (1543-1579 masl), middle (1625-1678masl) and top (1721-1782masl) elevation.
Collection of Soil Samples
Within the established sampling plots, soil samples were taken randomly to a depth of 0 -30cm. All samples collected were mixed thoroughly and a composite sample of about 2 kg was taken for spore counting, mycorrhizal identification and soil analyses.
Soil sieving and centrifugation (after Daniels & Skipper, 1982 and Tommerup, 1992)
The collected samples from each plot were weighed and was mixed with substantial volume of distilled water and decanted through a series of sieves after allowing heavy soil particles to settle for a few seconds.
Washing and decanting process was repeated until the water is clear. A 150µm, 180µm and 250µm core screen fractions were used to ensure soil aggregates were broken apart to free spores. The first water centrifugation was set for 5 minutes at 2000 rpm to remove substantial amount of floating organic debris. After centrifugation, the supernatant and floating debris was discarded. The pellet was then suspended in 50% sucrose solution and was shaken vigorously. This was followed by another centrifugation for 1 minute at 2000 rpm to separate the spores.
Spore Identification
Spores suspended in the supernatant were collected using a syringe. This was then placed into the glass slide and was covered with a cover slip for photo documentation using a digital camera. Photographs of the spores were identified using Brundrett et al. (1996) , Morton and Benny (1990) , and Elmore (2006).
Spore Count
Spores were extracted from 100g of soils of each sample (10 replications) by wet sieving followed by centrifugation. The spores were collected on a three finest screen and washed with distilled water to spread spores evenly over the screen. Immediately after centrifugation, spores in sucrose supernatant were then counted and determined via stereoscopic microscope.
RESULTS AND DISCUSSIONS
Mycorrhizal Composition and Distribution
From the soil samples of Mt. Kiamo, four genera of arbuscular mycorrhiza were identified, these includes: Glomus (Glomaceae), Scutellospora (Gigasporaceae), Acaulospora (Acaulosporaceae) and Entrophospora (Acaulosporaceae) based on Morton and Benny (1990) . The genus Glomus comprises the most abundant and widely distributed mycorrhiza comprising of forty (40) species including Glomus reticulatum and Glomus geosporum based on Elmore (2006) (Fig.2 ).
Fig. 2: A, Glomus reticulatum and B, Glomus geosporum
Among the species of Glomus, Glomus sp.3 was the most widely distributed and consistently found except in Plots 4 and 12 while Scutellospora sp. was found in Plots 9, 10, and 12. The two species of Acaulospora were found in Plot 8 and in Plots 7 and 10 while Entrophosphora schenckii was found only in Plot 1 (Fig. 3) .
Results indicate that Glomus spp. had the widest distribution across the elevation gradients of Mt. Kiamo while Acaulospora and Scutellospora seems to occur at higher elevations ranging from 1500 to 1700 masl. Amir et al. (2007) and Perrier et al. (2006) reported that arbuscular mycorrhiza fungi dominates the ultramafic soils of Koniambo Masif, New Caledonian with Glomus as the most common genus consisting of more than 90% of the spores collected.
Glomus species was also reported by Schechter and Bruns (2012) and Gustafson and Casper (2006) as the highly dominant mycorrhiza in ultramafic soils. Khade and Adloheya (2007) and Ortega-Larrocea (2007 , 2010 reported that Acaulospora occur at low frequency while Scutellospora are rarely reported. Brundrett et al. (1995) reported that Glomus spp. was the most abundant genus in the normal soil of the rainforests of tropical Australian region and was followed by Acaulospora sp. and Scutellospora sp. exhibiting the same results with that of Mt. Kiamo. Moreover, a general black-colored appearance of spores was also observed in this study which according to Amir et al. (1997) is possibly linked to the adaptation of the high concentrations of metals in the soils. 
Spore Count
Glomus sp.3 obtained the highest spore count among the identified mycorrhizal fungi with 82 spores. This was followed by Glomus sp.22 with 71 spores. On the other hand, Scutellospora sp. had spore count of 3. Entrophospora schenckii and the two Acaulospora spp. had the lowest number of spores of only 1 thus considered rarest.
The total number of spore accounted was 579 and this was obtained using the 150μm wire-mesh screen. Thus, a possibility that more spores could be observed if the recommended 50μm core screen was used particularly those AM with small-size spores. As mentioned by Brundrett (1996), Glomalean fungi have spores which range of variety of sizes from very small (i.e. 20-50μm) to very large (i.e. 200-1000μm). Moreover, spore population in the soil are also influences by various factors such as light intensity and temperature (Furlan and Fortin, 1973, 1977; Schenck and Schroder, 1974) , season , soil depth, pH, texture, moisture, and organic matter content Sheikh et al., 1975) .
In general, the number of spore population in Mt. Kiamo decreases with increasing elevation (Fig. 4) . At the lowest elevation, a total of 409 spores was recorded and decreased abruptly at the middle elevations of 93 spores and finally 67 spores recorded at the highest elevation. This decreasing trend seems to conform to the observed spore counts on tropical mountain forest ecosystem as reported by various authors such as Barnola and Montilla (1997); Schmidt et al., (2008) ; Read and Haselwandter (1981) ; Korner and Renhardt (1987); and Haselwandter (1979) . Routsalainen et al. (2002) stressed that the relative proportion of mycorrhizal symbioses was found to decrease along increasing altitude similar to the result observed in Mt. Kiamo despite being an ultramafic soil. Generally, the spores of arbuscular mycorrhizal fungi (AMF) in tropical ecosystem are dependent on season, soil type, nutrients, and spatial distribution of host species (Porter et al., 1987 ; Allen et al., 1998; Louis and Lim, 1987; Johnson and Wedin, 1997 and Lovelock et al., 2003) .
Data Analysis
Pearson's correlation analysis was used to determine the relationship between occurrences of mycorrhizal species and their distribution to elevation gradient, tree species, understory species and soil properties (Table 4 and 5). Results show a highly significant negative correlation (P<0.01) between spore count and elevation which further supports the result discussed earlier. Moreover, a negative correlation (P<0.01) was also observed between soil pH and spore count implying that the occurrence of mycorrhiza is directly affected by soil pH. This observed relationship is typical to mountain ecosystems with normal soil conditions as reported by Venkateshwar et al. (2000) , Hepper (1984) and Wang et al. (1985) . On the other hand, a negative correlation was also observed between spore count and the number of individual understory species (P<0.05) which implies that the number of arbuscular mycorrhiza increases with the decreasing plant cover (Burrow and Pfleger, 2002) . Hayman (1982) stated that the variations and symbioses of mycorrhizal fungi are related and differed to the plant species. The plant species was respond differently to different arbuscular mycorrhizal fungi species as well as the diversity and density of naturally occurring in which arbuscular mycorrhizal fungi decreased (Sanders et al., 1996) . No correlation was observed between moisture content, bulk density, organic matter, calcium and nickel with the spore count.
CONCLUSIONS
Based on the results of the study the following conclusions are drawn:
1. Arbuscular mycorrhizal fungi could occur on metalloid-rich soils despite the inherent high toxicity condition; 2. The abundance and distribution of arbuscular mycorrhizal fungi particularly the Glomus spp. are not deterred by the adverse condition of the ultramafic soils of Mt. Kiamo; and 3. Spore population decrease as elevation increases, a general trend for both ultramafic and normal soil conditions. As a young researcher, he already has two publications. Among his research interests are in line with forest ecology, geosciences and remote sensing applications in ecology.
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